This study was conducted to investigate the effect of a commercial essential oil (EO) additive on milk production and methane (CH 4 ) emissions from dairy cows. Early lactation Holstein-Friesian dairy cows were fed grass, whole crop wheat and corn silage total mixed ration. Cows were allocated to one of two experimental treatments: Control (no additive, CON) or 1 g/head/day of EO. Cows were housed in a free stall barn, split into two pens for the duration of the experiment. Two gas data loggers units used to measure CH 4 emissions were provided per pen for the duration of the 22 week-long study. Milk yield was determined daily, and milk components were analyzed every two weeks. CH 4 was recorded continuously, and daily values were tabulated. Body weight and body condition score were determined at the start and bi-weekly. Results were analyzed as a randomized complete block trial. In total, 149 cows participated in the study (76 CON, 73 EO). Milk yields were greater (P < 0.05) for the test treatment (28.3 CON, 31.2 EO) with no change in milk component concentrations. Milk component concentrations were unaffected (P > 0.05) by treatment. Yields of fat, protein, lactose, and solids were higher for EO fed cows (P < 0.05). CH 4 output was reduced with the EO compared to the CON treatment (411 g/day vs 438 g/day; 13.8 g/L of milk vs 17.2 g/L of milk, P < 0.05) over the duration of the trial. There were no effects of treatment on reproductive performance or the occurrence of mastitis. Feeding EO to dairy cows reduced CH 4 emissions whilst also increasing performance.
Introduction
Agriculture, forestry, and other land uses are responsible for just under a quarter of annual global greenhouse gas (GHG) emissions. Agricultural production accounts for approximately half of these emissions [1] with livestock production being the most important contributing factor within this sector. The largest single contributor to agricultural GHG emissions is methane (CH 4 ) produced during enteric fermentation, which represents between 32% -40% of the total GHG emitted from the agricultural sector [1] . Clearly, if the ruminant livestock sector is to continue to flourish and grow, then new technologies must be developed and implemented that allow it to do so while simultaneously decreasing its environmental footprint and maintaining and boosting profitability [2] .
Partially in response to the European Union legislation to ban antimicrobial growth promoters in animal production systems and to address concerns over transfer of antibiotic resistance from animals to humans [3] there has been an increased interest in the use of plant extracts to modify rumen fermentation, boost animal production and decrease GHG emissions [4] [5] . Essential oils (EO) are volatile compounds that can be classified as alcohol, ester or aldehyde derivatives of phenylpropanoids and terpenoids [6] . As an active component in many spices and preservatives, EO has been used to inhibit bacterial growth for many years [7] . Highly specific effects on rumen bacteria have been reported [8] , with the spectrum of antibacterial effect dependent on the EO used [9] , suggesting that they may affect rumen fermentation and potential animal productivity. However, generally trials are either conducted in vitro or of short duration with limited production data available [10] .
Agolin Ruminant (Agolin SA, Bière, Switzerland) is a commercially available feed additive classified as a premixture of sensory additives within Europe [11] and approved for use in the United States. The main active compounds within Agolin Ruminant are chemically defined, food grade, plant ingredients including coriander seed oil, geranyl acetate and eugenol. The aim of this experiment was to evaluate the effect of this EO product on the performance of dairy cattle and CH 4 emissions from these cows over a longer term basis.
Materials and Methods

Animals and Treatments
The use of animals within this study was approved by local ethical review under Cows were housed in a well ventilated freestall barn and split by treatment in two halves for the duration of the experiment (Trawscoed Research Farm, Aberystwyth, UK). Animals had free access to feed and water at all times. Cows were offered a total mixed ration (Table 1) formulated for a 620 kg cow producing 35 kg milk/day [12] and fed once daily at 9:00 AM each day. The EO was delivered by weighing the appropriate amount of EO (number of animals in treatment group × 1 g) and diluting to 400 g with water and mixing onto 25 kg of feed pellets (LambMaster, Wynnstay Group Plc., Oswestry, UK). The CON was prepared in the same way except that only 400 g of water was added. The pellets were top dressed on the freshly prepared TMR daily. Sufficient bunk space was available for all cows to access the feed simultaneously. Cows were milked twice daily through a 50-stall rotary parlor at approximately 5:30 and 17:30 during which they received 2.5 kg dry matter (DM) of a commercial parlor concentrate (Table 1) at each milking. Cows were managed for production and fertility in accordance with standard practice. Incidences of mastitis and pregnancy diagnoses were recorded.
Data Collection
Four, large animal, CH 4 monitors (GreenFeed, C-Lock Inc., Rapid City, SD, USA) were distributed within the freestall barn with each treatment group having access to two units. Units supplied dry LambMaster pellets to entice animals into the units. Cows were allocated two feeding bouts of 10 portions (50 g) during each 12 h period. Data were only recorded and used in the calculations of CH 4 if animals were at the feeder for at least 2 min throughout the day. The CH 4 units measured data in real time and produced 10 sec rolling averages; these were then built up over the day and used to predict daily average CH 4 .
Milk yields were recorded at each milking. Milk samples were taken fortnightly at 2 consecutive milkings and analysed for fat, protein, lactose, and total solids (Delta LactoScope FTIR Advanced, PerkinElmer Inc., UK). Cows were weighed, and condition scored [13] every 2 weeks in the opposing week to milk sampling. Additionally, skin and subcutaneous fat depth were measured to the profound fascia on both sides of the animal in the area between the end of the crista sacralis and the os sacrum [14] using ultrasound (CTS-8800 PlusOrthopedic Ultrasound, SIUI, Guangdong, China). To ensure continuity between measurements, designated members of trained staff made condition scoring and interpretation of ultrasound images.
Chemical Analyses
Analysis of essential oils was determined every two weeks by submitting samples Open Journal of Animal Sciences of treated and untreated pellets to an external laboratory (CBA GmbH Böhlen, Rötha, Germany). Samples of TMR and parlor concentrate were collected once weekly and combined for analysis. DM was determined after drying at 105˚C for 24 h. Ash was determined by heating at 550˚C for 6 h in a muffle furnace. Ni- calorimeter, Oxford, UK). Water-soluble carbohydrates were determined by spectrometry using anthrone in sulfuric acid [15] . Open Journal of Animal Sciences
Statistical Analyses
Fat corrected (FCM) milk and energy corrected milk (ECM) were computed as described by Erdman [16] . Data were analyzed as a randomized complete block using Minitab 16 statistical software (Minitab Inc., State College. PA, USA) Feed intake was analyzed using a T-test with days used for replication. Incidences of mastitis, as well as fertility data, were analyzed using the Chi 2 statistic.
Results and Discussions
There were 149 cows that participated in the trial. An additional 16 (7 CON and 9 EO) cows that had started the trial were removed over the course of the 22-week study for health reasons not related to treatment, largely mastitis.
Analytic results for the EO concentration of pellets indicated that the level of the additive included in diets was consistently accurate, attaining 98% to 100% of target inclusion. Pellets containing the EO treatment were consumed rapidly, and no evidence of exclusion of timid cattle was observed.
Milk Production and Composition
The effects of treatment on milk yield and milk component yield are given in Table 2 . Milk yield was greater (P < 0.05) for cows receiving the EO treatment.
There were no differences in components on a percentage basis, but component yields were greater for cows receiving the EO treatment. Dry matter intake was increased (P < 0.05) when received the EO treatment.
Methane Production
Although intakes were higher with the EO treatment, total methane production Table 2 . Milk production and milk composition for cows given diets without (CON) or with the inclusion of an essential oil (EO) product for an extended period of time. Table 3 ). This suggests that greater quantities of energy would be available both as a result of the greater quantities of feed consumed, and the reduced loss in energy as methane gas. Greater energy availability may have been a factor in greater FCM and ECM in the EO treatment relative to CON. Table 4 provides data for changes in weight, BCS and fat depth as determined by ultrasound. None of the differences were statistically significant (P > 0.05).
Weight Gain, Body Condition Score (BCS) and Fat Depth
Reproduction and Health
There were no differences in reproductive performance between the two treatment groups ( Table 5 ). As well the occurrences of mastitis were similar between the two treatment groups. It would appear that treatment did not impose differences with respect to these parameters.
Discussion
There have been two previous trials evaluating this EO blend. In a short-term [17] reported no treatment effect upon milk yield, but improved milk fat yield. Methane was not measured.
Castro-Montoya, et al. [18] reported reduced CH 4 production for cows fed EO for a 6 week period. Reduced methane output, as well as greater milk production, was experienced for the duration of this trial. It is possible that an extended period of time is needed to discern treatment differences, and that there might be carry-over effects in trials that use a short period crossover design.
Conclusion
The current trial clearly showed that methane was reduced: CH 4 production was 6% less per cow per day, and 20% less per kg of milk for cows fed EO compared to CON for the duration of this trial after the initial three weeks (Figure 1 ). CH 4 per kg of milk produced is possibly the more relevant metric given the need to reduce emissions per unit of output [19] . Likewise, it appears that the energy saved through reduced methane output can be used for productive purposes. 
